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Estimating equilibrated Kt/V from an intradialytic sample: Effects of
access and cardiopulmonary recirculations. The Smye method has been
proposed to estimate the equilibrated post-dialysis BUN based on an
additional intradialytic sample obtained approximately one hour into
dialysis. However, the effects of access recirculation (AR) and cardiopul-
monary recirculation (CPR) on the Smye computation and the corre-
sponding details of how blood is sampled have not been studied. We
examined the accuracy of two variations of the Smye technique. In one
method, the intradialytic and postdialysis blood samples were obtained at
full blood flow. In the other, the samples were obtained after two minutes
of slow flow, to obviate the effects of both AR and CPR. Seventeen
patients undergoing high efficiency dialysis and three- to four-hour
treatment times were studied, in whom substantial AR was excluded based
on two-minute slow flow urea rebound measurements during and just after
dialysis. In this group equilibrated Kt/V (eKtIV) values computed using
the Smye-derived equilibrated postBUN estimates (full flow samples, 1.22
0.058 SEM, slow flow samples, 1.23 0.064) were similar to eKt/V
calculated from the 30-minute postdialysis BUN specimen (1.23 0.049,
P = NS). In eight other patients with severe AR (mean 35% 4.5), the
accuracy of the full flow Smye estimates was poor when the degree of AR
was not constant throughout the dialysis session. Accuracy of the slow flow
Smye estimates of eKtIV was unaffected by the presence of severe AR.
One advantage of using the full flow Smye method, however, was that a
large AKt/V value (< —0.40) was highly suggestive of severe AR. The
results confirm the utility of the Smye method to estimate eKtIV, but
suggest that the full flow Smye method may not accurately predict rebound
in patients with severe AR when the latter is not constant throughout
dialysis.
Since Gotch and Sargent's mechanistic analysis of the National
Cooperative Dialysis Study data in 1985 [1], it has become
widespread practice to assess dialysis adequacy based on the
fractional index of urea removal (Kt/V). Although a variable-
volume single pool (VVSP) model of urea kinetics was used for
this purpose, it has long been recognized that the kinetics of urea
removal is best described by multicompartment models [2—51. The
need for a multicompartment analysis is best illustrated by the
extent of postdialysis urea rebound which occurs 30 to 60 minutes
after dialysis has been stopped. Smye and colleagues, using a
two-pool fixed volume urea kinetic model in which urea genera-
tion is assumed to be zero, have attempted to predict the extent of
Received for publication December 5, 1994
and in revised form April 19, 1995
Accepted for publication April 19, 1995
© 1995 by the International Society of Nephrology
postdialysis urea rebound by using one intradialysis blood urea
concentration measurement and an equation which yields an
estimate of the true equilibrium urea concentration [6, 7]. The
premise underlying the Smye technique is that the factors associ-
ated with postdialysis urea rebound also conspire to lower the
intradialytic serum urea concentration during dialysis below that
predicted from first-order kinetics. In its original description, the
Smye method required a predialysis blood sample, a second
intradialytic sample drawn 60 or 70 minutes into dialysis, and a
postdialysis sample [6, 7J. The method of drawing the intradialytic
and postdialysis blood samples was not specified. If these samples
are both drawn at full blood flow rate, or after stopping the blood
pump and not clearing the dead space in the arterial line, then the
urea concentration in the samples will reflect the urea levels
actually processed by the dialyzer. In the presence of access
recirculation, the urea concentration of both the intradialytic and
postdialysis urea samples drawn in this manner may be markedly
lower that the urea level present in the arterial blood. The degree
of reduction will be proportional for both as long as the dialyzer
urea clearance and the degree of access recirculation are similar
when the two samples are drawn. Another method of performing
the Smye technique is to obtain the intradialytic and postdialysis
samples 20 seconds after slowing the blood flow rate to 50 ml/min.
When the pump is slowed to 50 mi/mm, access recirculation
ceases, and the dialyzer inlet blood reflects the arterial BUN
concentration (when an A-V access is used) during dialysis. A
third method is to obtain the intradialytic and postdialysis samples
two minutes after slowing the blood flow rate to 50 mi/mm. After
the pump is slowed or stopped, the dialyzer no longer returns
cleared blood to the heart and the arteriovenous gradient largely
dissipates within two minutes; in patients with an arteriovenous
access, the mixed venous postdialysis urea concentration can be
estimated from a sample obtained from the dialyzer inlet line two
minutes after having slowed the blood flow rate to 50 ml/min [8].
To assess the utility of the Smye technique we assayed intra-
dialytic and postdialysis samples for urea taken both at full blood
flow and two minutes after slowing the blood flow rate to 50
mi/mm. We used this information to estimate the postdialysis
equilibrium urea concentrations with each set of samples. We
then used the predicted equilibrated urea concentrations to
compute equilibrated Kt/V values (one using the full flow sam-
ples, and one using the 2 mm slow flow samples). The method was
validated by obtaining a 30-minute postdialysis urea measurement
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in each patient, and using this value to also compute an equili-
brated KtIV. The three values for eKt/V were then compared. We
also analyzed patient-related factors, as well as the effects of
access recirculation in an attempt to identify the optimum manner
of implementing the concepts advocated by Smye and colleagues.
Methods
Patient population
Initially 20 chronic hemodialysis patients (9 males, 11 females)
being treated at a large midwestern hospital-based dialysis facility
were studied. All patients gave their full and informed consent
and were evaluated during routine hemodialysis sessions as
prescribed by their nephrologists. All patients were treated with
Fresenius F-60, F-80, or F-8 polysulfone dialyzers. Dialysis session
lengths ranged from 3.0 to 4.0 hours (mean 3.6 0.11). In three
of these patients, urea studies suggested that severe access
recirculation was present. In the remaining 17 patients, urea
studies suggested that access recirculation was either absent or
mild. To more completely study the effects of AR on the Smye
method, five additional patients were identified with severe access
recirculation, and these patients were studied using the same
protocol. The data on the 25 patients were analyzed according to
two subgroups: 17 patients with minimal AR and 8 patients with
severe AR.
Study design
Blood samples for urea analysis were drawn pre-dialysis from
the dry needle tubing after insertion of the needle into the
vascular access. Two intradialytic samples were taken from the
arterial line sampling port after 1/3 of the dialysis session had
elapsed. One sample was taken at full blood flow and the other
two minutes after slowing blood flow to 50 ml/min. Three
postdialysis samples were taken, all from the arterial line sampling
port. The first sample was taken immediately at the end of dialysis,
at full blood and dialysate flow. A second sample was obtained
two minutes after slowing blood flow to 50 mI/mm. At this point
the blood pump was stopped and the blood was returned. One of
the lines was left in place. Thirty minutes after stopping dialysis, a
third sample was taken from the needle tubing, after first remov-
ing and setting aside 10 ml to clear the needle tubing of infused
saline.
When studying the five additional patients with severe access
recirculation, two additional samples were added: one was taken
1/3 into dialysis, but 20 seconds after slow flow of 50 ml/min, and
the other at the end of dialysis, but 20 seconds after slow flow of
50 ml/min. The purpose of these additional samples was to isolate
the effects of AR from those of CPR (at this early time period, all
rebound should be due to AR, whereas after 2 mm, the rebound
represents the combined effects of AR, CPR, and 10 to 20% of the
compartment rebound).
A further study was done in the three original patients in whom
the ratios of the urea concentrations of the full flow samples to
those in the two-minute slow flow samples indicated severe access
recirculation. During the initial study in these patients, the A/V
gradient (A:V BUN ratio of 0.70-0.75) far exceeded that which
could be explained on the basis of cardiopulmonary recirculation
(normally 0.94 for high efficiency dialysis [8]. When repeating the
study, 20-second slow flow samples also were obtained, again, to
isolate the effects of access recirculation from those of CPR, and
to allow computation of AR according to the standard equation
(AR = 100 x (20 seconds slow flow inlet — full flow inlet)/(20
seconds slow flow inlet — full flow outlet). These three patients
did not, however, consent to a second 30-minute postdialysis
sample.
Laboratory analysis
The method of analysis for urea used was the paired enzyme
technique where ammonia generated from the action of urease
was used to drive the enzymatic conversion of alpha-ketoglutarate
to glutamate in a reaction that involved oxidation of NADH to
NAD. The concentration of generated NAD was then assessed by
UV spectroscopy [9]. All urea analyses were performed by a
commercial laboratory (LifeChem Laboratories, Northvale, NJ,
USA).
Calculations
Postdialysis urea rebound. Postdialysis urea rebound (PDUR)
was expressed both as a function of the postdialysis BUN concen-
tration (PDUR) and as a function of the intradialytic fall in BUN
during dialysis (PDURf). PDUR was defined as (100)Creb3j/
PDURf was defined as (CrCb3O Cpost)1/(Cpre
Both measures of PDUR have been reported by others in
the literature, and both measures are presented to allow for
comparison with data by others.
Smye calculations. The Smye equation predicts that the equili-
brated BUN (BUN-eq) will be:
BUNeq = BUNpree -
at
where a = 1/(t — tintra) lfl(BUNintra/BUNpost)
In this equation, BUN-pre and BUN-post are the pre- and
post-BUN, BUN-intra is the BUN of the intradialytic sample, t is
the dialysis session length, and t-intra the time into dialysis at
which the intradialytic sample is taken. Because tintra/t was always
1/3, the general Smye equation simplified to:
BUNeq0 = BUNpre/exp(1.5 ln(BUNintrapJBUNposto))
BUNeq2 = BUNpre/exp(1 .5 ln(BUNjntra2/BUNpost2))
where BUNeq0 and BUNCq2 are the estimated equilibrated post-
dialysis BUN values based on the full flow and slow flow samples,
respectively, BUNintrao and BUNPOSO were the BUN concentra-
tions of the intradialytic and postdialysis samples drawn at full
blood flow, and BUNintra2 and BUNPOSS were the BUN concen-
trations of the samples drawn after two minutes of reduced blood
flow.
Effects of AR on the Smye calculation. When there is access
recirculation, the blood urea concentration at the dialyzer inlet
will be reduced by a constant multiplier (fAR). This multiplier,
which is the ratio of inlet (I) to upstream (U) BUN, can be derived
from the standard formula for access recirculation (A):
A = 100 (U — I)/(U — 0)
fAR = I/U = (100 — A)/(100 — AO/I)
As long as A and 0/I (the dialyzer urea reduction ratio) stay
constant throughout dialysis, fAR, or I/U will remain unchanged.
Thus, with access recirculation, BUNpre will remain unchanged,
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BUNintra will become fAR x BUNintra, and BUNPOS will become
fAR >< BUNPO.t. However, lfl(BUNintra/BUNpost) will then be-
come ln[(fAR x BUNintra)/(fAR x BUN1,0)], which is un-
changed. Thus, as long as AR is constant, and as long as the
BUNintra and BUNP,SI samples are drawn using the same tech-
nique, the Smye analysis should compensate for AR.
Effects of CPR on the Smye calculation. With cardiopulmonary
recirculation the mathematics are similar. As defined previously,
[8], fCPR, the ratio of BUN in the arterial to mixed venous blood
due to return of cleared blood to the heart, can be expressed as:
fCPR = i/[(il + KacI(CO — Qac)II
where Kac is the access clearance, of dialyzer clearance (Kd)—
fAR, CO the cardiac output, and Qac the access blood flow. If Kac
and CO-Qac are constant throughout dialysis, fCPR will be
constant also. Because the Smye estimate for equilibrated BUN
depends on the ratio of the postdialysis to intradialysis BUN,
multiplying both values by fCPR should leave the ratio and the
predicted equilibrated BUN, unchanged.
Single pooi KiIV (Kt/V1,0 and Kt/J/2). Single-pool Kt/V was
computed using the Daugirdas second generation equation [10]:
Kt/V = — ln(R — 0.008t) + (4 — 3.5R)UF/W
Two forms of this equation were computed, one representing an
arterial Kt/V, based on samples taken at full blood flow (KtIV0),
in which R = BUNPOStO/BUNPrC, t = dialysis session length in
hours, UF = wt loss in kg, and W = postdialysis weight in kg, and
the other representing a mixed venous Kt/V, based on samples
taken after two minutes of slow flow (Kt/Vp0at2), in which R =
BUNp=t2IBUNpre.
Equilibrated Kt/V (eKt/V). Equilibrated Kt/V (eKt/V) was com-
puted from three separate "equilibrated post" BUN values. In
each case, eKt/V was computed using the Daugirdas second
generation formula, substituting the "equilibrated" postdialysis
BUN for the immediate post-BUN when computing R, the
post/pre-BUN ratio. eKt/Vsmo and eKt/Vsm2 were computed
using the predicted equilibrium BUN concentrations (BUNeqO
and BUNCq2) from the full flow (SmO) and two-minute slow flow
(Sm2) Smye methods, respectively [6, 71. eKt/V30 was computed
from the actual 30-minute postdialysis BUN sample, recognizing
that rebound may not have been complete at 30 minutes. For
simplicity, and to compensate for lack of complete rebound, the
effects of urea generation were not subtracted from the 30-minute
postdialysis BUN sample (the Appendix contains a more rigorous
analysis).
For purposes of analyzing the data, several Kt/V values were
defined, representing the single-pool arterial Kt/V value drawn at
full blood flow (Kt/V0) subtracted from the eKt/V value in
question.
Single-pool urea distribution volume (Vv,). To model the single-
pool urea distribution volume V, some estimate of K was re-
quired. Nominal blood flow rate was first corrected for prepurnp
pressure effects according to a previously published algorithm
grounded in experimental data [111. The corrected blood flow rate
was then used with the dialysate flow rate and the dialyzer K0A to
compute the dialyzer clearance Kd using equations previously
cited [ii]. The dialyzer clearance Kd was corrected to blood water
clearance (KdW) by multiplying Kd by 0.88 [111. Single-pool urea
volume was then obtained by algebraically solving for V from t,
the spKt/V value computed by the Daugirdas equation, and the
Table 1. Modeling results
Minimal Severe
AR AR P
Number of patients 17 8
Intradialytic BUN: full/2 mm slow 0.93 0.008 0.73 0.039 <0.001
Postdialysis BUN: full/2 mm slow 0.93 0.12 0.66 0.035 <0.001
Weight kg 68.5 4.8 81.2 16.3 NS
Sex (M:F) 7:10 3:5 NS
Session length hours 3.6 0.12 3.5 0.16 NS
Dialyzer K0A mI/mm 793 3.8 748 40 NS
Qb ml/min 398 1.5 393 14 0.019
K/V hr' 0.41 0.024 0.44 0.020 NS
Predialysis BUN mg/dl 57.8 4.3 64.2 6.4 NS
PDUR %post
PDUR1 % intradialytic fall
22.4 3.3 81.5 9.8 <0.001
8.6 0.75 28.2 4.2 <0.001
Kt/Vapø Jiril flow
Kt/V82 2-mm slow flow
1.46 0.059 1.60 0.06 0.08
1.38 0.046 1.12 0.10 0.024
eKt/V30 30-mm post-sample 1.21 0.049 0.94 0.10 <0.001
Kt/V30 (eKt/V30 — Kt/V0) —0.23 0.028 —0.66 0.06 <0.001
eKt/Vsmo (Smye full flow) 1.22 0.058 1.04 0.16 0.14
llKt/Vsmo (eKtIVsmo — Kt/V0)
eKt/Vsm2 (Smye 2-mm slow flow)
—0.23 0.022 —0.56 0.10 <0.001
1.22 0.064 0.88 0.08 0.004
LKt/V5m2 (eKt/Vsm2 — Kt/Vapo)
Modeled single-pool V (V0)
—0.22 0.036 —0.72 0.075 <0.001
36.6 1.9 32.1 2.3 NS
Anthropometric V (Va) 35.4 1.9 38.5 3.1 NS
value for KdW obtained as outlined above. In the Appendix,
single-pool volume was also solved using formal two-point vari-
able volume single-pool kinetics [121, yielding very similar an-
swers. Anthropometric body surface area was computed using the
DuBois and Dubois equation [13], and anthropometric V was
determined from anthropometric body surface area by the
method of Hume and Weyers [14].
Results
Two-minute urea rebound values
The expected A/V (or 0/2 mm) BUN ratio in patients under-
going high efficiency dialysis is about 0.93 to 0.94 [8]. In 17
patients the expected ratio was found for urea both 1/3 of the way
into dialysis (0.93 0.008) and postdialysis (0.93 0.12). In three
patients the 0/two-minute BUN ratios were markedly reduced
both intradialysis (0.73 0.039) and postdialysis (0.66 0.035).
The results indicated that the three patients in question had
severe AR, because, with the dialyzer clearances used, it would
have been impossible to achieve such high A/V gradients due to
cardiopulmonary recirculation alone with physiologically compat-
ible levels of cardiac output (cardiac output minus access flow
would need to be in the range of < 1.0 liter/mm). Indeed, when
studied a second time using additional 20-second slow flow
samples, marked AR (32%, 35%, and 37%, respectively) was
again demonstrated in these three patients. In the five additional
patients with AR, AR averaged 35.2 6.6%, and the 0/two-
minute BUN ratios were 0.72 0.06 intradialysis, and 0.64 0.06
postdialysis. The pooled results for the eight patients with severe
AR are presented in Table 1.
Single-pool arterial and mLted venous Kt/V
In the 17 patients with minimal AR the single-pool arterial
Kt/V averaged 1.46 units (Table 1), whereas Kt/V based on the
two-minute slow flow samples, which can he considered to be a
"mixed venous" Kt/V despite the fact that it contains a small
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Fig. 1. The single-pool Kt/V computed based on immediate posidialysis
BUN specimens compared with equilibrated Kt/V based on specimens
collected 30 minutes postdialysis. Symbols are: (S) 17 patients with minimal
access recirculation (AR); (0) 8 patients with severe AR.
component of the "compartment effect" rebound, was 1.38 units.
For the patients with severe AR the difference between arterial
and mixed venous single pool Kt/V was greater, in that Kt/V
decreased from 1.60 to 1.12. This was due to overestimation of
single-pool arterial Kt/V due to access recirculation.
Post-dialysis urea rebound and equilibrated KtIV
In the 17 patients with minimal access recirculation, the Kt/V
computed using the 30-minute postdialysis samples was 1.23 units
versus a single-pool arterial value of 1.46 units. The difference was
—0.22 0.028 KtIV units. In the 8 patients with severe access
recirculation, the drop in KtIV was much greater, from 1.60 to
0.94 Kt/V units (Table 1), or —0.66 0.060 (P < 0.001 vs. patients
with minimal access recirculation). In Figure 1, the Kt/V based on
the 30-minute postdialysis sample (eKt/V10) is plotted against
single-pool KtIV. It is evident from the Figure that the most
marked overestimation of Kt/V was present in the patients with
access recirculation.
Smye estimates of eKtIV and .KtIV
In the patients with minimal AR, both full flow and two minutes
slow flow Smye estimates of equilibrated Kt/V accurately pre-
dicted the eKt/V based on the 30-minute postdialysis specimens.
The Kt/V values of —0.23 and —0.22 predicted by the full flow
(SmO) and two-minute slow flow (Sm2) Smye techniques, respec-
tively, were not significantly different form the measured Kt/V of
—0.23 0.028 based on the 30-minute rebound sample. In
patients with severe AR, both Smye methods approximated the
observed Kt/V of —0.66 on average, but the correlation (Table
2) between predicted and observed zKt/V with the full flow Smye
method (r = 0.34) was much lower than with the two-minute slow
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Fig. 2. Comparison of the equilibrated Kt/Vcalculated based on the ftdl flow
Smye technique compared with that computed from the 30-minute postdialy-
sis specimens. It is clear that the systematic error in Kt/V is largely
corrected, for both patients with (0) and without (•) severe AR, except
that the variability in patients with severe AR is quite large.
flow Smye method (r = 0.66). In Figures 2 and 3, the relationships
between the equilibrated KtIV predicted by the full flow and
two-minute slow flow Smye techniques and the measured equili-
brated Kt/V based on a 30-minute rebound sample are shown.
Analysis of factors predicting the amount of postdialysis
urea rebound
The magnitude of postdialysis urea rebound from 0 to 30
minutes, or the magnitude of zKt/V, failed to correlate with the
patients' gender [15]. There was no significant correlation be-
tween the zKt/V and hematocrit [16] (Table 2), probably due to
the fact that the hematocrit range of the patients studied was quite
small. In four patients who experienced marked hypotension
during dialysis, the Kt/V (—0.19 0.052) was similar to that in
patients without hypotension (—0.23 0.034, P NS). Hypoten-
sion was not observed in any of the three patients with marked
access recirculation.
Correlations that were found to be predictive of Kt/V were
with K/V and t (session length). The K/V term was calculated as
the single-pool arterial KtIV divided by the number of hours of
dialysis. The magnitude of this correlation (r = 0.78) was substan-
tial (P < 0.005) and these data suggest that the efficiency of
dialysis is a major factor in determining zKtIV.
Discussion
Our data suggest that substantial postdialysis urea rebound may
occur when dialysis efficiency is high, even in patients undergoing
relatively long dialysis session lengths of approximately 3.5 hours.
In patients with minimal access recirculation (AR), for example,
equilibrated Kt/V was 0.22 units lower than Kt/V derived from
single-pool kinetics. Thus, the multicompartment nature of urea
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Fig. 3. Comparison of the equilibrated Kt/V calculated based on the two-
minute slow flow Smye technique compared with that computed from the
30-minute postdialysis specimens. The systematic error in Kt/V is again
largely corrected, and the variability in patients with severe AR (0) is less
than when full flow specimens are used. Symbol (•) is minimal AR.
kinetics as a clinical problem to be reckoned with is not limited to
short-session length dialysis. Our experience in predicting the
extent of postdialysis urea rebound from an additional intradia-
lytic BUN sample taken 1/3 of the way into dialysis, as originally
advocated by Smye and colleagues [6, 7], was quite positive. The
Smye-derived estimates of equilibrated Kt/V were very similar to
the equilibrated Kt/V values based on the measured 30-minute
postdialysis BUN specimens.
As detailed in the introduction, there are potentially three
methods of performing the Smye analysis: using intradialytic and
postdialysis specimen pairs taken at full blood flow, after 20
seconds of slow flow, and after two minutes of slow flow. Our data
suggest that, in the absence of severe AR, either one of the two
variations of the Smye technique tested (full flow samples or
2-mm slow flow samples) is accurate. The full flow Smye tech-
nique considers the aggregate effect of access recirculation,
cardiopulmonary recirculation, and compartment-regional blood
flow effects. In the two-minute slow flow variation of the Smye
method, the effects of access recirculation and cardiopulmonary
recirculation have been dissipated by the time that the intradia-
lytic and postdialysis samples are drawn. The theoretical advan-
tage of using the two-minute slow flow method is, in patients with
non-constant degrees of AR and/or CPR, the two-minute slow
flow method should still give an accurate result. One disadvantage
of the two-minute slow flow method is that it depends on smaller
differences in urea concentration, as all of the CPR effects, and 10
to 20% of rebound effects have dissipated by the time the sample
is drawn. Another disadvantage of the two-minute slow flow
method is that one loses the knowledge in patients with severe
AR, that zKt/V is inordinately high, and that AR must be looked
Table 2. Correlations
Minimal AR Severe AR
Number of patients 17 8
Var,thropometric with V,,0 0.81 0.74
Kt/V30 with
K/V 0.78 0.48
Session length —0.53 —0.55
Kt/V0 with eKt/V30
eKt/Vsm() with eKt/V30
0.88
0.94
0.86
0.65
eKt/Vsm2 with eKt/V30 0.89 0.84
LKt/Vsmu with Kt/V30 0.69 0.34
LIKt/V5m2 with Kt/V30 0.61 0.66
for (one can still pick up AR by following single-pool volumes,
however). Our results suggest that either Smye technique can be
used successfully. However, in patients with severe AR, when the
degree of AR is not constant throughout dialysis, the full flow
Smye technique will have a high degree of variability.
The degree of AR may increase substantially during dialysis,
due to reduced cardiac output and access flow as fluid is removed.
In such patients, the full flow Smye technique may underestimate
the equilibrated postdialysis BUN markedly. In contrast, the
two-minute slow flow Smye method should not be subject to error,
even in patients with non-constant access recirculation during
dialysis, as all samples are obtained after the effects of access (and
cardiopulmonary) recirculation have dissipated.
The implications of postdialysis urea rebound would be minor if
the extent of rebound were predictable for each patient. Our own
data suggest that much of the variance in postdialysis urea
rebound among patients can be explained on the basis of the
efficiency of dialysis, or the single-pool K/V ratio. The correlation
between the Kt/V and K/V in our patients without access
recirculation was quite high (0.78). In fact, we have used similar
patient data and an analysis of the regional blood flow urea kinetic
model to derive a prediction equation for the degree of postdi-
alysis urea rebound, which is described elsewhere [17]. In our
study several other potential predictors of rebound such as the
hematocrit [16], the occurrence of hypotension, and the sex of the
patient [151, were not found to correlate with the Kt/V.
In summary, our study demonstrates that substantial postdialy-
sis urea rebound is observed in patients even after relatively long
hemodialysis sessions when the efficiency of dialysis (K/V) is high.
The best predictor of rebound appears to be the single-pool K/V
ratio. Two variations of the Smye technique (sampling at full flow
and after 2-mm slow flow) were accurate in patients with minimal
AR. In patients with severe AR, the Smye method using full flow
samples had an unacceptable degree of variability, and markedly
underestimated rebound in those patients in whom AR increased
in the course of the dialysis session. The full flow Smye method
should not be used routinely. Rather, the blood flow should be
slowed for either 20 seconds or two minutes prior to obtaining
both the intradialytic and postdialysis samples. It is important to
obtain both samples using exactly the same sampling technique.
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Appendix
Use of the 30-minute postdialysis BUN and not correcting for g
Ideally, one would like to wait 60 minutes to obtain the equilibrated
postdialysis BUN. However, patient compliance for such a long waiting
period is difficult to obtain. To explore the validity of using the uncor-
rected 30-minute postdialysis BUN as a surrogate for the equilibrium
BUN value from which the effects of urea generation have been removed,
we first computed KtIV for the 17 patients with minimal AR using formal
two-point single-pool variable volume kinetics [12], using the immediate
postdialysis BUN sample. A single-pool V was determined for each
patient, which averaged 36.59 1.7 liters. PCRn and g averaged 1.01
0.06 g/kg/day, and 6.06 0.55 mg/mm. The information pertaining to g
and V was used to compute a corrected 30-minute post-dialysis BUN for
each patient, from which the effects of urea generation (g) were subtracted
(average value subtracted was 0.46 0.03 mg/dl). We then used an
iterative technique and the full flow post-BUN and corrected 30-minute
post-BUN to obtain an estimate of the intercompartmental mass transfer
coefficient for urea (K,). The assumption of a single monoexponential
function being responsible for the entire rebound was made. The equa-
tions used for these iterative fits were:
/ 135Kc
freb30= 1-ekV
I 7K v12\/ K 1BUN = Ii + 1—.
L \Kc VA' +
. BUN
BUN 30 pred = BUNPOSI + freb30 (BUNrq — BUN011)
where freb is the fractional rebound at 30 minutes, BUNeq the predicted
equilibrium BUN concentration, BUNSOpred the predicted BUN 30 min-
utes postdialysis. V1 was taken to be 2/3 of the single-pool urea distribu-
tion volume V. Equation 1 is from Pedrini, Zereik and Rasmy [18] and
Equation 2 is from Smye and colleagues [6]. Values of K,, ranging from 100
to 2000 mI/mm were put into the iterative solution algorithm and each
BUNSOpred was compared with the actual g-corrected 30-minute postdi-
alysis BUN value. When the estimates converged, Kc was solved. The K,,
values computed in this fashion for the 17 patients with minimal AR
averaged 768 99 mI/mm.
The postdialysis-based K,, values were compared with intradialytic K,,
values computed using the Smye method; the latter being computed by the
following equation:
V1 V (BUN I'\ -IKc=K—1+ lnl I'°
4V2 K (T — t1) \BUN,I.
where V was the modeled post-dialysis single-pool V, and V1 and V2 were
the estimated intracellular and extracellular volumes, respectively, taken
to be 2/3 and 1/3 of V. T was the dialysis session length and tithe time of
the intradialytic sample. The intradialytic K,, values calculated in this
fashion averaged 443 17 mI/mm.
The intradialytic K,, values using the slow flow samples were significantly
higher than using the full flow samples (P = 0.011). Also, the mean
postdialysis K,, values (average of full flow and slow flow sample) were
higher than the mean of the intradialytic K,, values (P 0.007). The
reason for this was not clear. The intradialytic K,, group did not include a
single Kc value (full flow or slow flow) greater than 1000 mI/mm, whereas
in the postdialysis K,, group, several patients were present in whom either
the full flow or slow-flow K,, (but rarely both) was in the 1000 to 1500
range. If all K,, values > 1000 were eliminated from the analysis, in the
remaining 10 patients there was no longer a difference between the mean
intradialytic K,, (443 17 mI/mm) and the mean postdialysis K,, (471 55
mi/mm).
Once a postdialysis K,, was arrived at for each patient by the iterative
method described above, K,, and the postdialysis BUN were used to
estimate an equilibrated BUN value for that patient, using the equation
for BUNeq described above. The modeled BUNeq values (mean 20.74
1.73 mg/dl) were then compared with the raw 30-minute post-dialysis
BUN values (no subtraction for urea generation: 20.76 1.79, P = NS).
The two BUN values were not significantly different. Also, when the
equilibrated Kt/V was recomputed using the modeled (iterative postdialy-
sis method) equilibrated BUN, the correlation between the Kt/V using
the Smye method and the Kt/V from postdialysis sampling was 0.68, very
similar to the 0.69 value in Table 2 using the 30-minute postdialysis BUN
uncorrected for g.
Reprint requests to John T Daugirdas, M.D., Department of Research
(151), VA Westside Hospital, 820 South Damen Ave., Chicago, Illinois
60612, USA.
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